Purpose To compare pulsatile ocular blood flow (POBF) in Europeans and Indians and provide reference values for a group of healthy Indians.
Introduction
The Pulsatile Ocular Blood Flow (POBF) Tonograph, now called the Ocular Blood Flow (OBF) Analyzer (Paradigm Medical Industries, Inc., Salt Lake City, UT, USA), is a modified Langham pneumotonometer, which uses an air piston system to applanate the cornea and continuously record the intraocular pressure (IOP) and POBF is calculated. The working principles of a pneumotonometer have been described in detail elsewhere. 1 Briefly, the blood flow of the choroid is pulsatile in nature. As a bolus of blood enters the choroid during systole there is a change in the volume of the eye, which is observed as an ocular pulse. The ocular pulse can be measured accurately by continuously recording the IOP. The POBF Tonograph also calculates the pulse amplitude and measures the pulse rate. The POBF Tonograph uses IOP and pulse amplitude and estimated values for ocular rigidity, based on the Friedenwald equation, to calculate pulse volume. 1 The POBF Tonograph uses the slope of the IOP pulse (ie the differential) to calculate the POBF. 1, 2 The equations used and assumptions made in the calculations of POBF have been investigated widely. [2] [3] [4] [5] [6] [7] The measurements have been reported to be reproducible [8] [9] [10] and the theoretical assumptions used for the calculations are acceptable. 2 Factors which may influence measurement include probe positioning and practitioner experience. 9 Various conditions such as glaucoma [11] [12] [13] [14] [15] diabetes mellitus, 16, 17 and chorio-retinal lesions [18] [19] [20] have been reported to affect pulsatile ocular blood flow. There is also evidence of racial differences in POBF. Lam et al 8 reported that POBF in Hong Kong Chinese was lower than reported for other racial groups. They concluded that the high incidence of refractive error (myopes tend to have greater axial length and hence higher ocular volume) in Hong Kong Chinese was the cause for lower values of POBF but could not exclude racial or genetic influences due to the absence of a European control group in the study. As far as we are aware, the reference values of POBF for an Indian population have not been established.
The main aim of the present study was to determine reference values of POBF for a normal clinic sample in India and to compare such normative data with other published values (study 1). Studies have been previously conducted in Europe. [9] [10] [11] 21 Their pneumotonometers used a different software version [9] [10] [11] or a different manufacturer 21 to the one used in the present study. Because study 1 gave unexpected results, a second study was designed to compare the POBF values in Indians in England and Europeans (study 2).
Materials and methods
Pulsatile ocular blood flow reference values for Indians (study 1)
In total, 252 subjects (122 males and 130 females) were examined in the outpatient department of the Rural Eye Hospital, Sankara Nethralaya (a unit of the Medical Research Foundation) in Chennai, India.
Each subject underwent a complete ophthalmic examination, including refraction, external eye evaluation with a slitlamp, and dilated retinal evaluation by an ophthalmologist. Subjects with signs of eye disease, known systemic disease, or having a history of any intraocular surgery were not included in the study.
A Goldmann tonometer mounted on a Haag-Streit slitlamp was used to measure IOP throughout the study and an observer (ISJ) performed all the Goldmann applanation tonometry measurements. All the POBF measurements were done with the POBF Tonograph mounted on a slitlamp, by an experienced observer (PG).
Subjects underwent IOP measurement using both the Goldmann applanation tonometer and the POBF Tonograph. Both the GAT and the POBF Tonograph were calibrated according to the manufacturer's guidelines. A drop of topical anaesthetic (proxymetacaine 0.5%) was used prior to the measurement with the POBF Tonograph and a fluorescein anaesthetic combination (proxymetacaine 0.5% with fluorescein sodium 0.25%) was used prior to the Goldmann applanation tonometer measurement. Subjects were cyclically allocated a serial number in order of attendance. Individuals with an odd serial number underwent measurements with the Goldmann applanation tonometer first and subjects with even serial numbers underwent measurements with the POBF Tonograph first. There was a 15-min interval between the IOP measurements to minimize any possible carry-over effects due to sequential tonometry.
Comparison of pulsatile ocular blood flow values between Indians and Europeans (study 2)
In all, 80 subjects (40 Indians and 40 European) from the staff and student population of Anglia Polytechnic University were included. Indians were subjects having their ethnic origin entirely from India, Pakistan, or Bangladesh. The Europeans were subjects of their ethnic origins from a variety of European countries (mainly England).
The subjects in both the groups were matched for age, gender, and refraction. The protocols used were identical to those used in India except that Goldmann applanation tonometry was not performed. An experienced observer (PG) performed all the IOP measurements using the POBF Tonograph. The same POBF Tonograph was used in both studies 1 and 2 (POBF Tonograph software version 16.2).
The Medical Research Foundation Ethics Committee and Anglia Polytechnic University Research Ethics Committee approved the studies; the tenets of the Declaration of Helsinki were observed and data management conformed to HIPPA regulations. Written informed consent was obtained from all study participants.
Statistical analysis
Data were analysed using SPSS 12.0 for Windows. One-way analysis of variance (ANOVA) was used to investigate the differences within groups and between groups for age, mean spherical refraction, intraocular pressure measured using the Goldmann applanation tonometer and other parameters measured by the POBF Tonograph, that is, pulse amplitude, pulse rate, IOP, and POBF (studies 1 and 2). Linear regression analysis was used to investigate the relationship between age and POBF and between refractive error and POBF (study 1). A two-way ANOVA was used to investigate the interaction for ethnic origin and gender with respect to POBF (study 2). A one-way analysis of covariance (ANCOVA) was used to investigate the differences in POBF between groups at different geographical locations with age as the covariate (study 2).
Results
Pulsatile ocular blood flow reference values for an Indian (study 1) Table 1 shows the mean values of age, spherical refraction, IOP measured by the GAT, IOP measured by the POBF Tonograph, pulse amplitude, pulse rate, and POBF for males and females enrolled in the study. Both the male and female groups were similar for age (one-way ANOVA, F ¼ 1.2; P40.05), refraction (one-way ANOVA, F ¼ 1.9; P40.05), IOP measured by both by the GAT (one-way ANOVA, F ¼ 1.4; P40.05), and the POBF Tonograph (one-way ANOVA, F ¼ 0.14; P40.05).
For males and females, POBF was independent of age (Linear regression males, R The difference in POBF between the two groups did not reach statistical significance (one-way ANOVA, F ¼ 0.17; P40.05). Females had a higher mean POBF than males in both Indians in England and European groups (one-way ANOVA, F ¼ 13.29; Po0.001) but there was no interaction due to ethnic differences (two-way ANOVA, F ¼ 1.09; P40.05).
Comparison of POBF of Indians with Europeans and Indians in England
In comparing the mean values of POBF in the two geographical regions, we found that there was no significant difference in mean spherical refraction (one-way ANOVA, F ¼ 0.08; P40.05) and average IOP measured by POBF Tonograph (one-way ANOVA, Table 3 shows the published values for mean POBF compared with the results of the present study. All studies in Table 3 involve normal subjects, with POBF measured, while subjects were in a seated position with the POBF Tonograph mounted on a slitlamp. Our finding that females had higher POBF values than males is consistent with previous reports 10, 21, 22 and is likely to be due to the hormonal and ocular volume differences between males and females. 10, 21, 22 Also females tend to have higher pulse rate. 10, 21, 23 The finding of a difference in pulse rate between males and females in the current study, as measured by the POBF Tonograph, is similar to the findings of previous reports and may be a partial explanation of the difference in POBF values between males and females. 10, 21, 23 In the present study, age had no effect on POBF values although a negative relationship with age has previously been reported. 21, 22 Refractive error influences POBF values, with more myopic refractive errors producing lower POBF values, confirming the reports of previous investigations. 8, 22, 24 It has been proposed that the influence of refractive error on POBF relates to axial length 20, 23, 24 as mypoes tend to have greater ocular volume, choroidal thinning, and greater scleral elasticity. The median spherical equivalent refractive error in the male and female subjects reported here was 0.00 D (range À12.75 to þ 4.50 D). Axial length was not measured in the present study, but the axial length is expected to be longer in myopes and shorter in hypermetropes. Since the median spherical error in the three ethnogeographical groups in the present study was emmetropia, axial length, and refractive error were considered unlikely causes of the much higher mean POBF values found in the present study compared with those in previous studies. 8, 10, 11, [20] [21] [22] Because POBF is indirectly measured using IOP pulse amplitude, heart rate differences, and blood pressure could influence it. Also blood pressure lowering medications could lower POBF and substances like nicotine and caffeine could increase blood pressure and thus increase POBF. Blood pressure was not measured in the present study; however, the subjects involved in the present studies did not have a known history of any systemic disease or a regular intake of any medications. Therefore, we feel that cardiovascular disease is unlikely to be an explanation for the difference in results.
Lam et al 8 found relatively low POBF values in Hong Kong Chinese. This was attributed to refractive error, there being a high prevalence of myopia within the Hong Kong Chinese, although other racial and genetic influences could not be excluded.
The ethnicity of subjects in the studies of Morgan and Hosking, 9 Yang et al, 10 Fontana et al, 11 and Gekkieva et al 21 are not known, but the subjects are presumed to be mainly European, since the studies were all conducted in Europe. The POBF Tonograph used in the present study was calibrated according to the manufacturer's instructions, and gave IOP values comparable with those obtained by Goldmann applanation tonometry. We find it difficult to attribute the much higher POBF values found in the present study to actual differences in POBF between our We believe that the large differences between studies (Table 3 except Morgan et al), are more likely due either to a difference in the sensor construction which affects the pulse measurement more than the IOP measurement, or to a difference in the software used to calculate POBF in different versions. We cannot rule out, from our results, that small differences in operator procedures may be the cause of our higher values, however a previous study reported good interobserver reliability 8 for POBF measurement.
There was no significant difference between mean POBF of the Indians in England when compared to the European group. This suggests that when the methodology and instrumentation are standardized and other variables such as age, mean spherical refraction, and IOP are accounted for, there was no difference in POBF between Europeans and Indians in England. To detect a clinically significant difference of 250 ml/min (as reported by other study 10 ) the present study had a power of 0.95 (one-tailed t-test, effect size ¼ 0.74).
Comparing the three groups, we found that the POBF in the study in India was slightly higher than for the Europeans and the Indians in England. Additionally, all groups were comparable for IOP and refraction. The difference in POBF persisted despite accounting for age which was found to be significantly different between groups. One can hypothesize that such small differences in mean POBF between the residents of India and England could arise due to environmental factors such as ambient temperature and differences in atmospheric pressure (although POBF machine used in the present study has a pressure calibration device). Also the differences in body mass index and height could influence POBF as they are independently correlated with ocular dimensions like axial length. 25, 26 Finally, the results of the present study provide a normative database for future studies in Indian populations if the same version of POBF Tonograph is used, and imply that small differences in the measured POBF of different studies could arise due to environmental factors.
